The VISTA Variables in the Vía Láctea (VVV) survey is one of six near-infrared ESO public surveys, and is now in its fourth year of observing. Although far from being complete, the VVV survey has already delivered many results, some directly connected to the intended science goals (detection of variable stars, microlensing events, new star clusters), others concerning more exotic objects, e.g., novae. Now, at the end of the fourth observing period, and comprising roughly 50 % of the proposed observations, the status of the survey, as well some of results based on the VVV data, are presented.
Introduction
The Visible and Infrared Survey Telescope for Astronomy (VISTA, Emerson & Sutherland, 2010) has been operated by ESO for four years. Observations began with Science Verification in September 2009, and this was followed by the six public surveys, one of which is VISTA Variables in the Via Láctea (see Minniti et al., 2010; Saito et al., 2010; Catelan et al., 2011) . The only science instrument currently available at VISTA is the wide-field camera VIRCAM (Dalton et al., 2006; Emerson & Sutherland, 2010) , offering a The first main phase of the survey, consisting of the YZJHKs multi-colour observations, was assigned to the first semester of the survey (Period 85, 2010) to obtain a first overview of the survey area (described in Section 2). The vast majority of the observations however form the variability campaign, which started in parallel with the multi-colour observations in Period 85, but then occupied all the following observing periods. For the variability campaign, VVV was allotted 300 hours in 2010 (including multi-colour observations), 292 hours in 2011, 275 hours in 2012 and 702 hours in 2013 (split between Periods 90 and 91). The remaining 360 hours of the survey will be used not only to gather additional data for the variability survey (see below), but also to aid the ongoing proper motion study on the Solar Neighbourhood and in searching for microlensing events in a selected Bulge area. The long-term status of the VVV survey, especially in combination with other data (e.g., 2MASS and WISE) make it very suitable to conduct proper motion studies, which are the subject of a later section.
The following observations were scheduled for each period (Minniti et al., 2010) : Already, after the first two observing periods, despite the modest amount of data (see Figure 1 ) it has become obvious that the data reduction, analysis and even data storage/transfer are daunting tasks. These considerations affected not only the survey team, conducting a wide range of science projects, final quality control, preparation of observations and the public data release, but also the Cambridge Astronomical Survey Unit (CASU), in charge of the pipeline reduction of all data, as well as ESO, performing the observations, the first level of quality control and the final data release.
Multi-colour photometry
The multi-colour observations in the five broadband filters Y, Z, J, H and Ks commenced in March 2010 and were concluded by September 2011. Starting with the J-, H-and Ks-band data only, an unprecedented first multi-colour view on the inner region of the Milky Way Bulge composed of 84 million stellar sources was presented by Saito et al. (2012a;  see also the ESO Release 1242 1 ), followed by the study of Soto et al. (2013) of 88 million stellar sources in the southern Galactic Disc.
Multi-colour observations with high spatial resolution and photometric depth, like the VVV datasets, are not only valuable Red Clump (RC) stars are an ideal tracer of the reddening effect, since their colour and luminosity are well defined and the dependence on age and metallicity well understood. Gonzales et al. (2013) used the distribution of the RC stars within the VVV Bulge area to derive a reddening map covering the Galactic Bulge (see Figure 3 of Gonzalez et al. [2013] ) within 4 degrees of the Galactic Plane with a spatial resolution of 2 arcminutes. At larger Galactic latitudes, where the reddening varies on a larger scale, the resolution is slightly lower, but still ≤ 6 arcminutes. Such a high spatial resolution is, for instance, essential when studying stellar populations in Milky Way star clusters, which, depending on their position, are affected by differential reddening.
Using the RC stars as bona fide distance indicators of the innermost region of the Bulge along various lines of sight, Gonzalez et al. (2011) could also study the inner Galactic Bar, and provide additional evidence for the existence of a secondary bar structure, as suggested by Nishiyama et al. (2005) . In a similar way, Saito et al. (2011) , based on 2MASS data, mapped the X-shaped structure of the Bulge, showing extension far beyond the spatial extent of the inner Bar structure.
Variability in the near-infrared
In addition to the multi-colour observations (see above) the first observing period of the survey also included five Ks-band observations for each of the 348 tiles. Although the main variability campaign for the two independent survey areas, i.e. the Bulge and Disc sections, were scheduled for the third and fourth year of VVV, the search for long-term variables required that at least a few epochs for each tile were obtained in each year/ probes of the Galactic structure, but also extremely important to tackle one of the large problems in Galactic studies, the effect of reddening. Line of sight reddening hampers all photometric methods, such as for age and metallicity determination. Detailed reddening maps, such as the ones provided by Schlegel et al. (1998) are widely used to correct for Galactic reddening, but were known to be less reliable for the most reddened regions near the Galactic Plane, where an extinction in the V magnitude (A V ) of 30 mag can be reached. Including the single epoch observations in the Y-and Z-bands reveals the distribution of the dust obscuring the inner regions of the Bulge, and enables the high stellar density to become clearly visible (see Figure 2 ). Figure 2 . The source density in the Bulge region of the VVV survey is shown. Only point sources which were detected in all five bands are included in this plot. Empty fields represent data that did not fulfill the stringent quality criteria and are not part of the public data release. The latter observations will be repeated in due course. semester. At the time of this article, the Disc area had been observed in the Ks-band 36 times, whereas the Bulge tiles, subject of the observing campaign in P91, had up to 75 epochs available.
Astronomical Science
In addition, the observations during Science Verification (e.g., Saito et al., 2010) included additional data for tiles b293 and b294 (a total of 71 epochs), coinciding with Baade's Window, which due to its low Galactic reddening had been studied extensively by the Optical Gravitational Lensing Experiment (OGLE) project in the optical, and for which a large number of RR Lyrae stars, the survey's primary targets, are known (see Figure 3) .
The backbone of the light curve analysis is the frequency with which the observations were executed. This becomes even more important, when we have to combine data which were not simultaneously observed, as is the case for the individual VVV tiles. In order to be able to compare the derived stellar distances used to create the final 3D model of the inner Milky Way, we have to ensure that the individual light curves are indeed of comparable quality, i.e., that the light curves for the variable stars are populated in a similar fashion. As for any other observing campaign, this not only depends on the original schedule (e.g., Minniti et al., 2010; Saito et al., 2012b) , but is also affected by the observing conditions, e.g., presence of clouds, high humidity, etc. As a result, the VVV observations vary significantly in their cadence, as shown in Figure 4 .
Although the observations are still ongoing and will require an additional 2-3 years, the analysis of the light curves has already begun; they show the excellent quality of the data. As shown in Figures 5 and 6, even at this early stage of the survey, and based on a limited number of observing epochs, long-term variables with periods of several hundreds of days ( Figure 5 ) can be detected as unambiguously as well as the objects with a period of only a few days or even hours (Figure 6 ). Only surveys with an anticipated duration period of many years are suitable to study long-term variables such as the ones shown in Figure 5 .
Although the VVV survey is targeted at various types of variable stars, of special importance are those classes of variable stars that show a well-defined luminosity-period correlation, because they will allow us to derive distances and eventually build a three-dimensional model of the observed Milky Way region. In addition the frequent observations, in combination with a limiting Ks magnitude of ~18.0 for a single epoch, allows us to search for and follow up more exotic objects, like novae (Beamin et al., 2013; Saito et al. 2013 ).
Proper motions
The above-mentioned delays in the observing schedule, which are anything but helpful for the general progress of the survey, can be considered as a blessing in disguise for the proper motion studies, another essential part of the survey ( Minniti et al., 2010) . Proper motions are the most widely used method to search for close Solar neighbours and thus to complete the census of stars within a few tens of parsecs from the Sun. In particular, in the direction towards the Milky Way Bulge, severe crowding and extinction hamper the detection of faint, albeit nearby stars. (e.g., Lépine et al., 2008) ; Astronomical Science . Examples of six Ks-band light curves of variable stars with periods ranging from a few hours up to several weeks are displayed. As in Figure 6 the aperture photometry of the CASU source catalogues was used.
these drawbacks can however be overcome by the VVV observations. The 0.339-arcsecond pixels, the muchreduced dust extinction (in comparison with optical observations) and the long time-line of (eventually) up to seven years (i.e., the full duration of the VVV survey) make this survey an ideal tool with which to find those missing nearby stars. Already at this early stage of the survey, Gromadzki et al. (2013) have found several hundreds of those elusive objects ( Figure 7 ) and, even more importantly, while searching only about 31 % of the survey area, which corresponds to ~1 % of the sky.
The VVV catalogue of high proper motion (HPM) objects includes M dwarfs towards the Galactic Bulge, common proper motion binaries (see also Ivanov et al., 2013) , close common proper motion M dwarfs + white dwarf binaries and brown dwarfs towards the Galactic Bulge. At this point of the survey proper motions of ~1 arcseconds/yr are studied.
Once the late phase of the survey is added, and also the earlier observations with 2MASS (Skrutskie et al., 2006) are included for the brighter (Ks < 14 mag) objects, an accuracy in the proper motion measurement that almost rivals the one of the Gaia mission (i.e. proper motion error: ~10 microarcseconds/yr) will be achievable. Further, near-infrared observations as provided by VVV, 2MASS and DENIS (e.g., Epchtein et al., 1994) allow us to carry out these studies in an area inaccessible for optical missions, such as Gaia.
The future
In recent years, 2MASS has become a veritable treasure trove for Milky Way studies, and the VVV survey will undoubtedly be its worthy successor for the innermost regions of the Milky Way. Extending the source lists by applying more sophisticated detection algorithms, such as point spread function photometry, will allow fainter sources to be detected and hence allow distant objects at the far side of the Galaxy to be probed. The distances derived for the variable stars within the VVV survey area, together with the proper motions, will allow us to build a model of the mostly unexplored inner regions of the Galaxy. By approximately 2016, the observations for the VVV survey will be complete and provide the data required to build a detailed model of the Milky Way Bulge and the southern Galactic Disc. From there we can take a large step closer to understanding the structure and dynamics of the Galaxy.
